The Q-Tof mass spectrometer was equipped with an electrospray ionization (ESI) source. The instrument was controlled by an Agilent Mass Hunter Workstation (Agilent Technologies, Santa Clara, CA). The ESI voltage was set at 3800 volts. The source gas was N 2 (99.999% purity). The ion source conditions in positive mode were: drying gas = 10 L/min, nebulizer gas = 45 psi, temperature=325°C. The extracted ion chromatography (EIC, cRGD m/z=804.3602, cRGD-CBAA m/z=1015.5102,) peaks were integrated using Agilent Mass Hunter Qualitative Analysis software (Agilent Technologies, Santa Clara, CA). The functionalized monomers were purified by the LC system and obtained via lyophilization.
The functionalization efficiency was determined using (V c -V f ) / V c × 100 (%), where V f was the integrated value of the free cRGD after the reaction and V c was the integrated value of the free cRGD in the aqueous solutions in which no coupling agents (EDC or NHS) were added.
Preparation of 3D hMSCs-PCB hydrogel constructs. An appropriate amount of CBAA, cRGDfunctionalized CBAA, SPMA and CBDMA were dissolved in 40uL PBS. The molar concentration of CBAA, cRGD-functionalized CBAA, SPMA was fixed at 2M, 150mM, 10mM respectively and the molar concentration of crosslinker was adjusted to 20mM to produce hydrogels of desired mechanical rigidity.
For 3D cell-hydrogel constructs, cell/precursor solution (40μL) containing 6.1×10 7 cells ml −1 was used. Photoinitiator 2-hydroxy-2-methylpropiophenone was then added and mixed thoroughly to produce a final concentration of 0.05% (w/v). The solution was placed between two glass slides separated by 1.5 mm-thick polytetrafluoroethylene spacers and allowed to polymerize in a crosslink oven (XL-1500B UV Crosslinker, Spectronics Corporation, NY, USA) for 30s. The cellencapsulating PCB hydrogels were equilibrated in basal media. During the first 5-hour equilibration, the basal media was refreshed every hour, and then refreshed every day. Visible and infrared light exposure was applied by employing customized MaxMax lighting system.
Viability assay. The viability of encapsulated cells was examined by using a LIVE/DEAD assay kit (Invitrogen). In order to remove the influence of cells on the surface of the gel, a 20 μm slice of the hydrogel from the surface was removed. Representative micrographs were acquired using a Zeiss LSM 510 META confocal microscope. At least three independent constructs were used.
Three sections were sampled every 250-300 μm across the depth of the hydrogel and at least five different fields were randomly examined in each section. A Z-sampling rate of 2.1 μm was used for image acquisition.
Characterization of hydrogels. The hydrogels were obtained as described above and placed into PBS to reach equilibrium for at least five days before mechanical tests. At least five 0.5 cm diameter disks of each formulation (1.5 mm thickness when cast) were compressed at a rate of 1 mm/min using an Instron 5543A mechanical tester (Instron Corp., Norwood, MA) with a 10 kN load cell. The Young's modulus was calculated from 3% to 13% strain to avoid any complications in an instance in which the top plate may not be completely engaged with the specimen when compression begins. mounted on glass slides with ProLong® Gold reagent. Representative micrographs were acquired using a Zeiss LSM 510 META confocal microscope. At least three independent constructs were used. Three sections were sampled every 250-300 μm across the depth of the hydrogel and at least five different fields were randomly examined in each section.
Quantitative Real Time PCR. At appropriate time points, constructs were removed from the culture media. Then, the constructs were transferred in TRI REAGENT (Sigma) in RNase-free test tubes and were homogenized with a tissue homogenizer. Total RNA was extracted according to the manufacturer's instructions. Total RNA for each sample was quantified with a UV spectrophotometer and converted to cDNA using the QuantiTect Reverse Transcription Kit. After amplification by using SYBR Green PCR Master mix (Qiagen), thermocycling was carried out in a solution with primers (Integrated DNA Technologies) and cDNA. PCR conditions were as follows: 15s at 94 ºC, 30s at 55ºC, and 30s at 72ºC. The primer sequence is summarized in Supplementary Table S1 2-11 . Here, we used RNase-free DNase (Qiagen) to prevent genomic DNA contamination.
Osteogenic/Adipogenic Differentiation. Cell-hydrogel constructs were cultured in basal medium for 3 days. Following this time point, the basal medium was replaced with bipotential differentiation medium-low glucose DMEM supplemented with 20% FBS and 1% penicillin/streptomycin (Invitrogen); Adipogenic supplement: 1μM dexamethasone, 50μM
indomethacin (Sigma), 0.5μM 3-isobutyl-1-methylxanthine (IBMX; Sigma) and 10μg/mL human recombinant insulin (Invitrogen); Osteogenic supplement: 10mM β-glycerol phosphate (Sigma), 50μg/mL ascorbic acid (Sigma). Media changes were performed every 3 days.
As a parallel control, a mixed adipogenic/osteogenic inductive media was made by combining commercially available osteogenic and adipogenic inductive media (R&D Systems) in a 1:1 ratio and supplementing with 1% (v/v) penicillin-streptomycin (Gibco). The mixed media was also used for the differentiation experiment mentioned above and no significant difference was observed compared to the lab-made bipotential differentiation medium. Supplementary Figure S9 . Osteogenic and adipogenic differentiation rates of stem cells cultured on SP-decorated zwitterionic hydrogels exposed to 1-day NG1 illumination followed by 1-day NG2 illumination and hydrogels exposed to 1-day NG2 illumination followed by 1-day NG1 illumination. No significant difference was observed. Error bars indicate 95% confidence intervals. NS, not significant. 
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